a-Diimines

Introduction
The renewed attention that late transition metal 1,4-diazabutadiene (a-diimine) complexes have received recently, particularly in regard to their value in olefin polymerisation chemistry [1, 2] , has led us to investigate exploiting the power of the a-diimine ligand set to stabilise late transition metal fluoride complexes of rhodium and iridium [3, 4] . Previously, a few square planar cationic rhodium [5] [6] [7] a-diimine systems had been described that appeared potentially amenable to oxidative fluorination chemistry, and here we describe the synthesis of a series of new cationic rhodium(I) and iridium(I) complexes with COD (COD = 1,5-cyclooctadiene) and CO co-ligands. We also have a long-standing interest in the coordination properties of fluorine-containing ligands and have investigated a broad range of F-substituted ligands, including triarylphosphines [8, 9] , triarylphosphites [10] , phenylimides [11] , b-diketonates [12] , phenylphosphonates [13] , dithiophosphates [14] and xanthates [15] . Only four fluoroaryl a-diimine ligands have been reported previously [16, 17] . Ar F NC(Me)C(Me)NAr F (Ar F = 4-C 6 H 4 F, 3,5-C 6 H 3 F 2 , C 6 F 5 ) are formed via aminoalane reactions with 2,3-butanedione [16] , and Ar F NCHCHNAr F (Ar F = 2,6-dimethyl-4-fluorophenyl) has been prepared as an intermediate in a study on the influence of electronic properties of NHC ligands on the catalytic activity of Grubbs II metathesis catalysts [17] . As part of this study, we also describe the synthesis and characterisation of a set of related fluoroaryl a-diimine ligands, Ar 
Results and discussion
The non-fluorinated glyoxal a-diimines (L1-L4) (Scheme 1) used in this study were readily prepared by literature routes [18] [19] [20] . Surprisingly, the first glyoxal fluoroaryl a-diimines have only very recently been reported in the literature [17] . Cowley and co-workers [16, 21] have speculated that these derivatives may be difficult to prepare via the conventional condensation route as a consequence of the electronegative fluorine atoms. As an alternative, a structurally characterised series of fluoroarylimidoalane derivatives were prepared as potential activated intermediates in the generation of fluoroaryl a-diimines and their use in the preparation of fluoroaryl a-diimines based on the 2,3-butanedione backbone was reported. In this work, as suggested by Cowley, the reaction of fluorinated anilines with glyoxal is slow but, by increasing the reaction temperatures and reaction times, the new fluoroaryl a-diimines (Ar F NCH@CHNAr F ; Ar F = 4-C 6 H 4 F (L5), 2,4-C 6 H 3 F 2 (L6), 2,4,6-C 6 H 2 F 3 (L7)) could be isolated directly in reasonable yields without the need to exploit the greater reactivity of the imidoalane derivatives. These new imines were characterised by multinuclear NMR spectroscopy, IR spectroscopy, mass spectrometry, elemental analyses and in addition, for L5 and L7, by single crystal X-ray diffraction. Crystals of L5 and L7 suitable for the X-ray determination were grown by slow evaporation of THF solutions. A view of L7 is shown in Fig. 1 molecule lies on a crystallographic centre of inversion and hence the two imine groups are s-trans, as has been observed in other systems [16, 22, 23] . The crystallographic data suggests that the environment around the imine bonds in these fluoroaryl a-diimines and the related mesityl [24] and pentafluorophenyl [16] analogues appears relatively insensitive to the substituents on the aryl rings, with modest shortening in the aryl-N bond with increasing numbers of fluorine substituents. 4 ] À (15) in quantitative yield (Scheme 1). All complexes were characterised by multinuclear NMR spectroscopies, mass spectrometry, IR spectroscopy and, for selected examples, elemental analyses (see Table 1 and Section 4).
For all the COD complexes (1-8), as expected m CN decreases on coordination due to a mild degree of backbonding from the metal into the p ⁄ orbitals of the imine [25] . Indeed, a theoretical study [26] on metal to ligand electron transfer in bis(imino)pyridine complexes of the first row transition metals (Mn to Zn) has indicated that such synergic bonding may be of more importance in imine coordination than previously thought. The same trends are observed for the metal complexes with both the fluorinated and non-fluorinated a-diimines (4, 5) . In contrast, the greater competition for backbonding in the carbonyl complexes (9-15) leaves m CN virtually unaltered from those for the free ligands. There are no discernible trends in the NMR parameters, d(NCH) and d(NCH), on coordination.
Complexes 14 and 15 were also the subject of single crystal X-ray diffraction studies; suitable crystals for the studies could be grown by slow evaporation from dichloromethane solutions. Perspective views of the complexes are shown in Figs. 2 and 3; selected bond lengths and angles collected in Table 2 . As expected the cationic unit in both iridium(I) complexes display square planar geometries with the carbonyl ligands configured mutually cis.
While a number of iridium(III) complexes containing a-diimine ligands have been previously reported [27, 28] 
Conclusions
Three new fluoroaryl a-diimines have been synthesised by condensation of glyoxal with fluorinated anilines at elevated temperatures. X-ray structural characterisations reveal that these adopt an E geometry at the imino unit. The new fluoroaryl a-diimines, and related non-fluorinated ligands, coordinate to rhodium(I) and iridium(I) centres to generate stable a-diimine-COD and a-diimine-CO cationic complexes that are valuable derivatives for further synthetic chemistry.
Experimental
General experimental procedures
Proton, 13 
Synthesis of [Rh(COD)(L2)][BF 4 ] (2)
The title compound was isolated in a similar manner. Anal. Calc. for C 34 
Synthesis of [Rh(COD)(L3)][BF 4 ] (3)
The title compound was isolated in a similar manner. Anal. Calc. for C 26 
Synthesis of [Rh(COD)(L5)][BF 4 ] (4)
The title compound was isolated in a similar manner. m max /cm 
Synthesis of [Rh(COD)(L6)][BF 4 ] (5)
The title compound was isolated in a similar manner. Anal. Calc. for C 22 
Synthesis of [Ir(COD)(L1)][BF 4 ] (6)
The title compound was isolated in a similar manner. NMR spectra were recorded at À60°C. Anal. Calc. for C 28 
Synthesis of [Ir(COD)(L2)][BF 4 ] (7)
The title compound was isolated in a similar manner. NMR spectra were recorded at À60°C. 
Synthesis of [Ir(COD)(L4)][BF 4 ] (8)
The title compound was isolated in a similar manner. NMR spectra were recorded at À60°C. Anal. Calc. for C 30 
X-ray crystallography
Data for L5, L7, 14 and 15 were collected on a Bruker APEX 2000 CCD diffractometer using graphite-monochromated Mo Ka radiation. Full details of the data collection and refinement are given in Table 3 . The data were corrected for Lorentz and polarisation effects and empirical corrections applied. Structure solution by direct methods and structure refinement on F 2 employed SHELXTL version 6.10 [30] . The C-H hydrogen atoms were included in calculated positions (C-H = 0.95-1.00 Å) riding on the bonded atom with isotropic displacement parameters set to 1.5 U eq (C) for methyl H atoms and 1.2 U eq (C) for all other H atoms. All non-hydrogen atoms were refined with anisotropic displacement parameters. Atomic coordinates, bond lengths and angles for L5, L7, 14 and 15 are available in the Supplementary crystallographic data; selected bond lengths and angles for 14 and 15 are listed in Table 2 . 
